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potentially catastrophic entities that require prompt, accurate
identification for timely and effective management. Active
hemorrhage is recognized when damage to the vessel wall
permits active contrast extravasation from the arterial lumen
[1]. Pseudoaneurysm represents a perfused sac that
communicates with the ruptured arterial lumen, contained by
the outer arterial layers; hematoma; reactive fibrosis; or,
occasionally, by soft-tissue structures that surround the
injured vessel [2]. The advent of multidetector computed
tomography (MDCT), with its superior spatial and temporal
resolution, has improved our ability to recognize these
entities in the settings of trauma, inflammation, infection,
neoplasia, anticoagulation, and iatrogenesis [1e3]. Ultra-
sound and Doppler imaging permit identification of pseu-
doaneurysms and active hemorrhage most commonly after
arterial catheterization and interventional procedures [2].
The imaging features of active hemorrhage and pseudoa-
neurysm can occasionally closely mimic each other and must
be carefully differentiated [1]. We present an etiology-based
pictorial review of the cross-sectional imaging features and
management options of pseudoaneurysms and active arterial
hemorrhage in the abdomen and pelvis.
Historical Perspective
In 1989, Orwing and Federle [4] described the computed
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to an adjacent organ. In the same year, Sivit et al [5]
described the first case of active contrast extravasation that
represents active hemorrhage on CT. In 1991, Jeffery et al [6]
reported the first series of patients with active hemorrhage
recognized prospectively on contrast-enhanced CT. In 1993,
Shanmuganathan et al [7] performed a retrospective study of
patients with active hemorrhage and found good correlation
between radiologic and surgical findings. Now, with the
advent of MDCT, helical CT, and CT angiography, these
entities are more frequently identified even in asymptomatic
patients. Various subsequent studies showed the excellent
sensitivity and specificity of MDCT for detection of pseu-
doaneurysms and active contrast extravasation, thereby
facilitating timely management [8].
Imaging Appearance
On MDCT, both active hemorrhage and pseudoaneurysms
appear isodense to contrast-enhanced arteries in arterial
phase and are usually surrounded by clotted hematoma
(Figures 1, 2) [1,2]. Pseudoaneurysms usually appear as low-
attenuation rounded structures on unenhanced CT, that arise
from the damaged artery; however, hyperdensities may occur
due to thrombosis or adjacent hemorrhage [2]. After contrast
enhancement, pseudoaneurysms typically appear as sharply
defined round or oval collections of high-density extravas-
cular arterial contrast, not blending into surrounding hema-
toma and following the blood-pool enhancement pattern with
early peak and rapid washout. The pseudoaneurysm sac is
either contained by the vascular media, adventitia, hema-
toma, or surrounding soft-tissue structures, and may be
partially thrombosed. The wall of a pseudoaneurysm isll rights reserved.
Figure 1. A 49-year-old man presented 6 weeks after an episode of acute
pancreatitis with increasing abdominal girth and hypotension. Coronal
contrast-enhanced computed tomographic image, revealing an enhancing
pseudoaneurysm (white arrow) arising from the left gastric artery along the
superior aspect of a large pancreatic pseudocyst, which contained hemor-
rhage and clot (black arrow) and indicated recent and ongoing bleeding. The
intense arterial enhancement and the smooth and sharp margins are typical of
a pseudoaneurysm.
Figure 2. A 40-year-old woman presented with acute right upper-quadrant
pain one day after laparoscopic cholecystectomy. Axial contrast-enhanced
computed tomographic image, demonstrating active bleeding (white arrow)
from a ruptured common hepatic artery pseudoaneurysm (black arrow), with
surrounding hematoma. Active bleeding typically appears streaky or flame
shaped, with ill-defined margins blending into surrounding hematoma.
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mycotic aneurysms, in which the wall can be thickened or ill
defined. The damaged feeding artery usually can be identi-
fied on MDCT. High-attenuation active extravasation adja-
cent to the pseudoaneurysm indicates rupture. Rupture is the
most serious cause of morbidity, and, therefore, recognition
of pseudoaneurysm should prompt urgent surgical consulta-
tion for either open repair or interventional embolization as
clinically indicated.
In contrast, active hemorrhage appears on MDCTs as
linear, flame-shaped, or irregular hyperdensities that are
isodense to contrast-enhanced arteries. It is typically irreg-
ular in outline, blending into surrounding hematoma, with
progressively increasing density on delayed postcontrast
images. Active hemorrhage is usually arterial; however,
active venous extravasation has been described. The exact
rate of bleeding necessary to visualize this finding on MDCT
has been studied with a swine model and is estimated to be
<0.4 mL/min, provided the peak aortic concentration of 100
HU is reached [9].
Active arterial bleeding on MDCT must be distinguished
from extravasated ingested oral and excreted urinary contrast
in the settings of bowel or urinary tract discontinuity. The
presence of leaked oral contrast on unenhancedMDCT, which
accompany signs of bowel injury, including pneumo-
peritoneum, and the configuration of extravasated oral
contrast are helpful signs that differentiate it from vascularinjury. Leakage of urine from a disrupted urinary tract is not
appreciated on unenhanced CT scans. After intravenous
iodinated contrast injection, leakage of contrast-opacified
urine appears after a few minutes and becomes increasingly
dense with time, unlike active hemorrhage and pseudona-
neurysm which appear early and washout rapidly, matching
blood pool enhancement (Figure 3) [1]. On duplex colour-
Doppler imaging, pseudoaneurysms appear as saccular arte-
rial outpouchings or abnormal dilatation of an artery with
surrounding hematoma (Figure 4). Active hemorrhage
appears as extraluminal colour-Doppler flow that may be
flame or jet shaped (Figure 5).
Management of Active Hemorrhage and
Pseudoaneurysm
Therapeutic options have evolved in recent times from
traditional surgical methods to less-invasive percutaneous
approaches, including particulate or coil transcatheter embo-
lization, stent-graft placement, ultrasound-guided compres-
sion of pseudoaneurysms, and ultrasound-guided thrombin
injection into pseudoaneurysms [2]. Less frequently, asymp-
tomatic pseudoaneurysm can be observed and managed
according to the site, perceived risk of rupture, clinical setting,
and comorbidities [2]. The use of minimally invasive treat-
ment options has improved morbidity and mortality [2].
Pretreatment MDCT angiography is an essential road map to
guide appropriate management.
Etiologies of Active Hemorrhage and PseudoaneurysmTraumaticThe reported prevalence of pseudoaneurysms and active
hemorrhage in the setting of blunt or penetrating trauma is
variable and can be seen in various vascular abdominal
Figure 3. Potential mimics, not to be confused with active bleeding: nonvascular contrast extravasation in 2 different patients. (A) Axial unenhanced computed
tomographic (CT) image of a 43-year-old woman with duodenal perforation, revealing active oral contrast extravasation from the duodenum (white arrow) with
free intraperitoneal contrast (black arrow) and pneumoperitoneum (arrowhead). The presence of contrast extravasation on unenhanced scans and other imaging
findings of bowel injury help to differentiate from active vascular extravasation. (B) Axial enhanced excretory phase CT image in a 28-year-old man after
a severe motor vehicle accident, revealing disruption of the left renal collecting system, with active extravasation of enhanced urine (arrow). Urinary-tract
extravasation, in contrast to arterial extravasation, becomes apparent on delayed excretory phase and becomes increasingly dense with time.
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pancreas; mesentery; soft tissues; major vessels, for example,
aorta; and pelvic fractures (Figure 6). The spleen is the most
commonly injured organ followed by the liver, with high
association of vascular complications [3,10]. Direct correla-
tion was found between the presence of splenic vascular injury
and failure of nonoperative management [10]. In 2002, YaoFigure 4. Typical duplex colour-Doppler appearance of a femoral pseudoa-
neurysm in an elderly man who presented with a groin mass after femoral
arterial catheterization. Features of a pseudoaneurysm include a neck arising
from the femoral artery (arrow), Yin Yang internal colour-Doppler pattern
and high velocity to-and-fro turbulent waveform on duplex interrogation
(inset image) related to swirling motion of blood within the sac.et al [10] found a statistically significant correlation between
detection of arterial blush in various solid organs and the need
of urgent surgery or interventional embolization.Nontraumatic
Inflammatory disease: acute pancreatitis
Inflammation adjacent to blood vessels can result in
secondary vasculitis, destruction of the vascular elastic
media, and development of pseudoaneurysms or active
bleeding. Vasculitis and vascular complications are commonFigure 5. A 30-year-old woman with systemic lupus erythematosus devel-
oped active bleeding after left renal core biopsy. Duplex colour Doppler
image shows a jet of active hemorrhage (white arrows) into a lower pole
cortical cyst (CY). After 10 minutes of ultrasound-guided compression
therapy, bleeding had halted, a clot had formed within the cyst (inset image),
and the patient remained stable.
Figure 6. Axial contrast computed tomography (CT) in 3 different patients after severe trauma. (A) Contrast-enhanced CT, showing a large splenic laceration
with active extravasation (arrow). (B) Sacral fracture (white arrow) with large left iliopsoas and left sacroiliac joint hematoma (black arrow) and with active
extravasation (arrowhead) adjacent to the joint space from the internal pudenda artery, confirmed on angiography. (C) Mesenteric contusion with active
extravasation from ileocolic arterial branches (arrow). At surgery, active bleeding was noted from middle colic and multiple segmental mesenteric branches.
Figure 7. A 75-year-old woman with lower gastrointestinal bleeding and hypotension. (A) Axial unenhanced computed tomography (CT) without oral contrast,
showing a diverticulum arising from the descending colon (arrow). (B) Arterial phase CT, revealing active diverticular bleeding with extravasated contrast within the
diverticulum (arrow). (C) Venous phase scan, demonstrating washout of the hyperdense arterial blush with accumulation of dense blood in the colonic lumen (arrow).
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Figure 8. Cecal angiodysplasia in a 68-year-old woman with massive lower-gastrointestinal bleed. (A) Axial enhanced computed tomographic image, showing
dependent intraluminal accumulation of dense extravasated contrast material (black arrow) in the cecum admixed with intraluminal unenhanced blood and fluid
(white arrow). (B) Selective mesenteric angiography, revealing abnormal blush within the cecal wall (arrow), which was coil embolized.
Figure 9. A 70-year-old man with known abdominal aortic aneurysm and
severe abdominal pain. Axial enhanced multidetector computed tomography
image, showing a ruptured abdominal aortic aneurysm with active bleeding
(white arrow) and a large surrounding hematoma (black arrow). Endovas-
cular repair was performed with placement of aortoiliac stent.
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artery is most commonly involved, followed by the pan-
creaticoduodenal, gastroduodenal, peripancreatic, and supe-
rior mesenteric arteries. Acute rupture and hemorrhage has
a mortality rate of 12.5%-37%, with a mortality as high as
90% for untreated visceral artery pseudoaneurysms [11].
Acute gastrointestinal bleeding
Common causes of acute gastrointestinal (GI) bleeding
include, in the upper-GI tract, ulcers and varices, and, in
the lower-GI tract, diverticular disease, angiodysplasia,
neoplasia, and acute colitis [12]. Complicated peptic ulcers
can cause life-threatening hemorrhage most often when
a gastric ulcer penetrates into the gastroduodenal, left gastric,
or, rarely, the splenic artery. Diverticular disease, the most
common cause of lower-GI bleeding, as well as colonic
neoplasia and acute colitis, can be accurately diagnosed by
MDCT (Figures 7, 8) [12]. Active GI bleeding is diagnosed
on CT when high-attenuation, isodense-to-arterial contrast
intraluminal hyperdensities not present on baseline unen-
hanced images appear after intravenous contrast injection
[12]. CT angiography, in contrast to transcatheter angiog-
raphy, has the advantages of providing etiologic clues to
diagnosis as well as accurate depiction of the celiac,
mesenteric, and proximal femoral vessels. Knowledge of the
site and cause of bleeding as well as any anatomic variations
is extremely helpful for therapeutic planning. MDCT
angiography has extremely good sensitivity and specificity
for detection of active colonic hemorrhage rates as low as
0.4 mL/min [9,12].
Vasculitis and Atherosclerosis
Primary vasculitis, including such entities as systemic
lupus erythematosus, polyarteritis nodosa, Takayasu arteritis,
giant cell arteritis, and Behc¸et syndrome, is a rare cause of
pseudoaneurysm. Vascular involvement is reported in 2% to
46% of patients with Behc¸et syndrome, and pseudoaneur-
ysms of the aorta, pulmonary, femoral, subclavian and
popliteal arteries represent a major cause of death [11].
Atherosclerotic pseudoaneurysms, in addition to the morecommon true aneurysm, typically develop in the descending
aorta in elderly patients secondary to penetrating atheroma-
tous ulcer. Rupture may extend into the pleura, perirenal and
pararenal spaces, psoas muscles, and the peritoneum, and has
high mortality (Figure 9). Spontaneous pseudoaneurysm
formation has been seen in some patients who are positive
for human immunodeficiency virus, without any known
source of infection or trauma and is thought to be a necro-
tizing or autoimmune process.
Figure 10. A 67-year-old man had a history of intravesical live attenuated bacillus Calmette-Guerin immunotherapy for superficial bladder cancer. He presented
2.5 years later with abdominal and back pain. Computed tomography revealed a tuberculous aortic pseudoaneurysm and bilateral tuberculous psoas abscesses.
Axial (A) and coronal (B) enhanced multidetector computed tomographic images, revealing paravertebral psoas abscesses (white arrows) that directly involves
the abdominal aorta. The aorta, showing a focal outpouching that corresponds to a mycotic aneurysm (black arrows), which, on the axial image, is seen only as
a subtle contour deformation contiguous with adjacent paravertebral abscess. Tuberculous mycotic pseudoaneurysm was confirmed at surgery.
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Vessels can be affected primarily by hematogenous
spread of infection in the setting of bacterial endocarditis or
secondarily by an adjacent focus of infection such as
vertebral osteomyelitis, renal, and psoas abscesses. Mycotic
pseudoaneurysms constitute 0.06%-2.6% of all aortic aneu-
rysms [11]. Bacterial endocarditis was common in the
preantibiotic era and now is most commonly seen in intra-
venous drug abusers and with other conditions that lead to
depressed immune status [13]. The most common vessels
involved are the femoral artery and the aorta. Staphylo-
coccus aureus and salmonella are the most common
offending organisms [13]. Rarely mycobacterial infection
may give rise to pseudoaneurysm formation. Mycotic aortic
aneurysm can rarely arise after intravesical immunotherapy
of superficial bladder cancer with bacillus Calmette-Guerin,Figure 11. A 45-year-old woman with lower-abdominal discomfort. Axial
contrast computed tomography, revealing a right lower pole renal angio-
myolipoma (black arrow) with a pseudoaneurysm (white arrow) and
surrounding hematoma (arrowhead). Coil embolization of the segmental
renal artery was performed.a live attenuated strain of Mycobacterium bovis [14]. A
history of bacillus Calmette-Guerin therapy with fever and
other constitutional symptoms at presentation are useful in
pinpointing the diagnosis (Figure 10). On MDCT, mycotic
aneurysms have a saccular shape, lobulated contour,
partially thrombosed lumen, with periaortic inflammation or
abscess formation. Other findings include periaortic gas or
adjacent vertebral or renal abnormalities due to direct spread
of infection.
Neoplasia
Benign as well as malignant tumours may give rise to
active arterial bleeding and pseudoaneurysm formation as
a part of abnormal neovascular tumour growth or sponta-
neous tumour rupture (Figures 11, 12). Benign tumours most
commonly known to cause this complication areFigure 12. A 30-year-old woman with known hepatic adenoma presented
with acute onset hypotension and shock. Axial contrast computed tomog-
raphy, revealing a large hematoma (black arrow) with active contrast
extravasation (white arrow). Angiography (not shown) revealed tumour
blush with active contrast extravasation from the left hepatic artery, which
was embolized.
Figure 13. Acute retroperitoneal hematoma in a 56-year-old man on thrombolytic therapy for 5 days after percutaneous coronary angioplasty. Presented with
right lower-quadrant pain and fall in hemoglobin level. (A) Unenhanced computed tomography (CT), showing a huge retroperitoneal hematoma (arrow) on the
right side, abutting the psoas and showing a blood fluid level (arrowhead). (B) Enhanced CT, showing active extravasation of contrast (arrows).
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bromas. Malignant tumours with pseudoaneurysm formation
include sarcoma, hepatocellular carcinoma, leukaemia,
lymphoma, and choriocarcinoma, with choriocarcinoma
accounting for 25% of such cases [11].
Spontaneous: Anticoagulation and Physiologic
Any organ can bleed as the result of systemic anti-
coagulation therapy, either spontaneously or secondary to
minor trauma. The main determinants of bleeding induced
by anticoagulants are the intensity of the anticoagulant
therapy, underlying patient characteristics, and the length of
therapy. Spontaneous intramuscular hematomas occur most
often in the rectus abdominis and psoas (Figure 13). MDCT
can localize the active bleeding vessel [1]. In healthy,
premenopausal women, the spontaneous intraperitoneal
rupture of an ovarian corpus luteal cyst (possessing extreme
physiological hypervascularity) is a common cause of
acute, severe pelvic pain and potentially catastrophic activeFigure 14. A 22-year-old woman with sickle-cell anemia presented with acute pe
computed tomographic images, revealing significant hemoperitoneum (black ar
arrows), with arterial extravasation shown (arrowheads). Laparoscopic exploratiohemorrhage [15]. The dominant imaging feature is hemo-
peritoneum rather than the cyst itself. On CT, active
extravasation of intravenous contrast material may identify
the bleeding site (Figure 14). Delayed CT images may
show pooling of contrast-enhanced blood in the peritoneal
cavity.
Iatrogenic
Pseudoaneurysms and active arterial bleeding have been
reported as a postoperative complication of various abdom-
inal and pelvic surgeries (Figure 15). Vascular injuries are
the most lethal technical complications of laparoscopic
cholecystectomy, with reported major and minor vascular
injury rates of 0.07%-0.4% and 0.1%-1.2%, respectively
[16]. During the dissection of structures in the gallbladder
bed, the right hepatic artery is the vessel most commonly
injured, followed by the portal vein (Figure 2). Laparoscopic
partial nephrectomy has a major complication rate of 10%
[17]. Renal artery intimal damage and thrombosis,lvic pain and hypotension. Axial (A) and sagittal (B) enhanced multidetector
rows). There is an actively hemorrhaging ovarian corpus luteal cyst (white
n confirmed active arterial bleeding from the cyst wall that was cauterized.
Figure 15. A 33-year-old woman presented with severe postpartum hemorrhage 8 days after caesarean. (A) Axial unenhanced computed tomography (CT),
revealing a hypodense rounded structure (white arrow) in the left adnexa. (B) Enhanced CT, showing striking, homogeneous enhancement within this structure
(white arrow). (C) Angiography, confirming a left uterine artery pseudoaneurysm (black arrow), which was successfully embolized.
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hematoma are common vascular complications (Figure 16).
Laparoscopic pelvic surgery has an incidence of vascular
injury, varying from 0.7%-4.7% [18]. The inferior epigastric
arteries are the most commonly involved, whereas bleeding
uncommonly may also occur from larger retroperitoneal
vessels, including the aorta, the vena cava, and the iliac
vessels. Vascular injury mostly occurs during the insertion of
the Veress needle, primary trocar, or instrument trocars
(Figure 17).Figure 16. A 77-year-old woman after nephron-sparing right nephrectomy, w
tomography (CT), demonstrating a segmental right renal infarction (white arrow
system (black arrow). (B) More caudal CT image, revealing a focal, densely en
arrow). Angiography confirmed a pseudoaneurysm, which had ruptured into thePercutaneous Interventions
Femoral artery pseudoaneurysm is a common complica-
tion of catheterization, with a reported incidence of 0.05%-
14% (Figure 4) [11]. All major percutaneous abdominal
biopsies and interventional procedures have an associated
risk of vascular injury. The risk of fatal hemorrhage of liver
biopsies is 0.4% in patients with malignancy and 0.04% in
nonmalignant liver diseases [19]. Renal artery pseudoa-
neurysm is a rare clinical entity that has been reported afterith severe flank pain and hypotension. (A) Axial arterial phase computed
), hypodense clot, and dense extravasated arterial contrast in the collecting
hancing pseudoaneurysm communicating with the collecting system (white
collecting system. This was successfully treated with coil embolization.
Figure 17. This 40-year-old woman presented with severe left lower-quadrant pain after recent laparoscopic tubal reconstruction. (A) Ultrasound showed
a left rectus hematoma at the left lower-quadrant laparoscopy instrument port site (white arrows). (B) Duplex colour-Doppler imaging, revealing a left
inferior epigastric pseudoaneurysm (white arrows). Ultrasound-guided compression therapy did not close the pseudoaneurysm, and the patient required
surgery.
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Vascular complications that require intervention account for
0.2%-2% of graft biopsy-related injuries and 0%-0.4% in
native kidney biopsyerelated injuries (Figures 5, 18) [19].
Vascular complications after radiofrequency ablation of liver
tumours occurs in 0%-0.4% of cases [19]. As with liver
lesions, radiofrequency ablation of renal or lung tumours can
also lead to vascular damage, active bleeding, and
pseudoaneurysm.Conclusion
Prompt recognition of active arterial hemorrhage and
pseudoaneurysm may be life saving. Modern MDCTFigure 18. This 40-year-old woman developed severe hypotension 2 hours
after ultrasound-guided renal biopsy. Axial enhanced computed tomography,
demonstrating a large left perinephric hematoma (white arrow) with active
extravasation (black arrows). Urgent angiography (not shown), revealing the
bleeding site to be a posterior segmental renal artery, which was controlled
by bland gelatin sponge embolization.scanners and duplex colour-Doppler imaging permits accu-
rate localization and may serve as a roadmap for treatment
planning. It is important for practicing radiologists to culti-
vate an understanding of the common and more uncommon
etiologies and of the imaging appearance of active hemor-
rhage and pseudoaneurysm for confident, timely diagnosis
and effective treatment.References
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